KIVA-3 LPG

EGR NOXx
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6.1 LPG
6.1
Spark plua
6.1
8 4 46 L
Combustion
Chamber
LPG Connecting rod
10 15 MPa
Oil jet
\‘[f@ R
10.0 e
6.1 LPG
6.1 LPG
LPG

FD46TA( 4cycl, 4cyl) -

2 OHV -

4617 L -

X 108x 126mm -

10.5 18.2
0.5 2.0
129 kwW/3100 rpm
441 Nm/1800 rpm
LPG
¢ 0.5 mm -
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Low Pressure
Pump Control
High Pressure
Regm o [] \Ijl;(—i'l/ e<:ut Liquid Level
ECU <—— )
[LPCM =& Throftle Unit Fud
Intake Pressure, Tu K
Temp. Sensoﬂr an
DC24V <
"'J'“ Commoh-Rail \ . =
Injector ! \ e
Driver Unity E l T Inter Cooler
—> }
R [
— Injector
|:|:Transmission @ @ EGR Cooler
(MT) Spark
Plug
LI\ bV od V o V o T
Power Switch )
&lgnition coil L?ETETET WasteGateValvi 'ﬁEGRVdVQ —>
d = U
3 EGR Control I[qulu | // O.Sensor
Unit Catalyst 02 Sensor (
= -
[ Muffler | | | ~— Air Cleaner
I E% Turbo-charger
6.2 LPG
6.2
KIVA-3
2.3 ms
6.3, 4
35%
THC
THC
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"

Cco

THC EGR NOx
60%
1400 /l\ 500
1200
~ 1000 F =
w =)
E 800 300 ©
—@— LPG Before Improvement
600 Target Value (Diesel) 200
I I
400
620 1240 1860 2480 3100
Engine Speed rpm
6.3 LPG
I mprovement of
Conventional Injector 10M Pa => | the Knock limit 3100r pm
35.0 800 o
300 -y o 10 1
250 _ g %00 A~
200 ImproVved Injector < 500 //qy
(15MHAa) £ 400 5
Lo oF @ 300
10.0 = 200
0
5.0 8 100
<
00 g o0
0 200 400 600 800 1000 1200 0 200 400 600 800 1000 1200
BMEP| kPa’ BMEP kPa!
4000 20000
3500 ),V
J o Q
3000 4 — 15000
A £ N
2500 8 b\\i\
2000 € 10000 AN
o—1= = \
1500 |o—=<C 7
1000 5000
500
0 0 ~
0 200 400 600 800 1000 1200 0 200 400 600 800 1000 1200
BMEP kPa’ BMEP kPal
6.4 LPG
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6.2 LPG
6.2.1
AVS
6.5~6.8
6.5
TKE =— I’Vrrzns =T éé-—urzms +1Vr2ms + 1\Nr2mso
@2 2
u,v,w XY, 2 k-e
TKE),., =>ru2,,
2
0 90 45°
6.6
0.5
BTDC 70°

2480rpm 6.7

3.0
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6.8 2480 rpm

0.5

Velocity Scale
- 25 m/sec

-40 =20 TDC 24 40

6.5 1860 rpm, Swirl 0.5
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Mean Speed m/sec
K m’/s?

0

et vector
== Turbulence 1860 rpm 2480 rpm
Engine Speed — ‘ ‘ ‘ ‘ ‘
1000 rpm ’ ‘
—— —— i =
s TS |
-180 -135 -90 -45 O 45 (80 -135 -90 -45 O 45 180 -135 -90 -45 O

Engime Speed 1 000

Velocity Scale

= 25 m/sec

1850

2450 rpm

@ 20° BTDC

Crank Angle degree

6.6

Crank Angle degree Crank Angle degree

Swirl 0.5
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-

1

- 2/t

Velocity Scale

- 25 m/sec

Swirl Ratio ) 15 30

@ 20° BTDC

40 T T T T T T
i | | \
Vertical Vector . .
o ; ; Swirl Ratio 3.0
S 30 === Horizontal Vector Swirl Ratio 1.5 | |\
N
£ e Ty rbulence N
'O“‘E \
8 =20 Swirl Ratio 0.5 —
@ Y
c | | / »
g 10 - — r \r_
ﬁ—'f“% | J | |
0

-180 -135 -90 -45 0 45 180 -135 -90 -45 O 45 180 -135 -90 -45 O 45
Crank Angle degree Crank Angle degree Crank Angle degree

6.7 2480 rpm
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TKE

=
|
@20

10}

u, ma?

Velocity Scale

- 25 m/sec
Cylinder Type  Base Type A Tyvpe B
@ 20° BTDC
20 T . T T T T | ‘
o Vertical Vector
@ e |orizontal Vector TypeB TypeC
~ 15
e NQ e T\rbulence
§ e 10 Type A
7 | TN/ >
b= r |
é 5 ﬁif = Nl
0 l
-180 -135 -90 -45 O 45 180 -135 -90 -45 0 45 80 -135 -90 -45 0 45
Crank Angle degree
Crank Angle degree Crank Angle degree
6.8 2480 rpm , Swirl 0.5
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6.2.2

1000, 1860, 2480rpm

6.9 14
OH
6.15
BTDC 13
OH
ATDC 10°
OH

6.17

2.0

6.13

20 40 60 80%

6.15 18
2.0
OH
OH
130
6.16
2480 rpm
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LIF

OH

6.9 18

LPG
LPG

N Ox

OH



7.0
6.0
5.0
4.0
3.0
2.0

Cylinder Pressure MPa

=
o

0.0

7.0
&
2 6.0
@ 5.0
>
3 4.0
e
230
(O]
220

31.0

0.0
-60

—Cal _|

Exp

A\

N

I

-60 -40

-20 0 20
Crank Angle deg

40 60

6.9

—Cal
Exp

AN

N\

a
'/ N

-40

-20 0 20
Crank Angle deg

40 60

6.10
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200
D>
[«5)
N
b Exp
(58]
o2
& 100
=
(3]
T
G 50
8 h‘ |
-60 -40 -20 0 20 40 60
Crank Angle deg
(1000 rpm, 20%)
8200l
<
i 150 —Cal |
(5}
& l Exp
< |
[¢)
& 100! ]l\
g \
[}
T (0
: Al
[¢6]
: /
o
0] S———
-60 -40 -20 O 20 40 60
Crank Angle deg
(1000 rpm, 80%)



7.0
o
< 6.0
0 5.0
>
7 4.0
et
a 3.0
@
220
3'1.0
0.0

7.0
o
< 6.0
@ 5.0
>
$4.0
L
Q30
o)
220
3'1.0

0.0

7.0
o
S 6.0
0 5.0
>
7 4.0
L
a 3.0
@
220
3'1.0
0.0

I
—Cal —
Exp
N
4\
/ \
;’/ \\\
-60 -40 -20 0 20 40 60
Crank Angle deg
6.11
|
—2Cal -
/L\_ =
/’/ \
/ N
-60 -40 -20 0 20 40 60
Crank Angle deg
6.12
—L
Cal _
Exp
TN
y N
-60 -40 -20 0 20 40 60

Crank Angle deg
6.13

5,200
S
S —Cal
o 150 Exp |
[72]
ks
[}
?j 100
3
< s
g 50 ]
: L
0 b = |
-60 -40 -20 0 20 40 60
Crank Angle deg
(1860 rpm, 40%)
o, 200
[}
g |
o 150 —Cal_
& Exp
D
[¢)
& 100 j.‘
[48]
z ( \
S 50 /‘ \
3
[]
& P
-60 -40 -20 O 20 40 60
Crank Angle deg
(1860 rpm, 60%)
200
g
) —Cal
@ 150 Exp |
3
(]
E 100
3
I
S 50
g
©
o o
0 AN
-60 -40 -20 0 20 40 60
Crank Angle deg
(2480 rpm, 20%)
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Cylinder Pressure MPa

© B DM ow A~ g o A
©O © O o o o o o

-60

—|Cal_
7~ Exp
AN
VAR
e S
|
-40 -20 0 20 40 60

Crank Angle deg

6.14
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o 200 |

(&)

S

) 150 —Cal |

% Exp

o

& 100 A

. /"\

(D)

: A

s 50 / \

3 /

& 0 \‘l“"“
-60 -40 -20 0 20 40 60

Crank Angle deg

(2480 rpm, 20%)



=40 =30 =23 =10 =13 -10 =5 D

] Lo L5 0 in Ay A Gl
HC distribution glom® mm =
0 1 2x 107

=10 TR 1 20 30 40 50 ol

o mol fiac, mm a
OH distribution 0 0005 0.01

-10 T 10 20 30 A0 A0 ol

Temp. distribution K o— -
00 L7530 3000

6.15
(1000 rpm 21% : Tign : 13 BTDC Tinj: 40 BTDC, Qinj : 20 mg)

116



=40 =30 =25 =20 =13 =10 =3 TD

5 (K] 15 20 30 440 a0 [iTy]
HC distribution giem® mm -
0 1 2x 1073

=10 TDC L] 0 EL1] A0 50 &0

T 111111ﬁf;c.- ]
OH distribution 0 0.005 0.0

=10 T 10 T in Ay 0 G

Temp. distribution E mm a
S00 0 1750 3000

6.16
1000 rpm, 80% : Tign : 14 BTDC Tinj : 58 BTDC, Qinj : 50 mg
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=40 =30 =25 =210 =15 =10 =5 TDC

@ distribution

R =3
i |
ro M

5 10 15 20 30 40 30 &0
HC distribution glem® mm o
0 1 2x10?

=10 T 10 X0 30 40 50 ol

OH distribution mol frac, me m
0 O0s 0.0l

=10 T 10 20 30 A 50 ol

Temp. distribution K
" a
SO0 1LTA0 3000

6.17
(2480 rpm Load 20% Tign : 25 BTDC Tinj: 89 BTDC Qinj : 33 mg)
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-4 -30 -25 -2l -15 -1 -5 TDC

5 10 15 20 in 410 50 ol
0 1 2x107

=10 TN 1 X0 30 40 50 ol

OH distribution 1ol ) |
i} 0005 001

20 30

Temp. distribution K mm -

500 1730 3000

A0 50 Gl

=10 D 10

6.18
(2480 rpm Load 80% Tign: 16 BTDC Tinj: 91 BTDC Qinj : 81 mg)
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6.2.3 EGR
NOx EGR(Exhaust Gas Recirculation)
EGR EGR
11 EGR
EGR CO;, H,O, N,
EGR 6.19 2480 rpm
OH
NOx 6.20 21 CO2, H20, N2
NOX OH EGR valve
\f Tt \\/
/[ Intake valve Exhaust valve
-~ = =
ATDC 10,20 ° CA Intake air Exhaust gas
OH EGR «— Piston
OH NO @
NO
EGR 30% 85% 6.19 EGR
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10 20 10 20 10 20 deg

OH distribution mol frac mm -
0 0005 0.01

Temp. distribution

K m= _|
500 1750 3000
7.0 200
! o
o N
S5 —20% _| ™ 150
o 30 % 2
2 40 b
8 =N & 100
a 30 — N =]
5 / A\ T
© L N
%, 2.0 1 = % 50
010 ) T g \% E 4 k
0.0 ‘ | 0 = —
-60 -40 -20 O 20 40 60 -60 -40 -20 O 20 40 60
Crank Angle deg Crank Angle deg
20 20
15 15
2 g _//
10
o [~ Rl
5 - 5
l , e S
0 0 '
-60 0 60 120 180 -60 0 60 120 180

Crank Angle deg Crank Angle deg
1000 rpm  Load 20% Ti4, : 16 BTDC Ty : 47 BTDC Qi : 18 mg
6.20 EGR

121



10 20 10 20 10 20 deg

OH distribution <
mol fiac a

0 0005 001

10 20 10 20 10 20 deg

Temp. distribution

K m= a
500 1750 3000
7.0 . o, 200
g 60 20 % S
S 5) 204 - o 150
o % ! @
2 40 —N 2
< \ & 100
g 30 / 3 %
S . AN @
'g 2.0 J // N E 50
6 10 . / \ g m
0.0 watl c _ ‘
60 -40 -20 0 20 40 60 60 -40 -20 0 20 40 60
Crank Angle deg Crank Angle deg
40 40
30 30
£ g20 /
20 .
S 2
10 /4 10
O j,-l 1 1 0 /
9 -45 0 45 90 135 180 90 -45 0 45 90 135 180

Crank Angle deg Crank Angle deg

1860 rpm, Load 40%, T4, : 22 BTDC, Tip; : 81 BTDC, Qiy; : 40 mg,
6.21 EGR
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6.2.4

15 3.0

6.22 23
6.22
0.5
3.0

80%

1860, 2480 rpm

2480 rpm

6.23
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6.2.1

0.5
OH
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~
o

o
o

Cylinder Pressure MPa

o1
o

w Fa
o o

n
o

=
o

o
o

HC mg

20

15

10

@ distribution

Swirl 0,5

OH distribution

Swirl 0,5

| —

a

Swrl 1.5

Temp. distribution

Swirl 3.0
=10 D 10 40 10 40
¢ = m el frac m m E mm m
0 1 2 0 0005 0.0l 500 1750 30400
i i 200 I T
Swirl 0.5 Swirl 0.5
— Swirl 15 g — Swirl 1.5
: > 150 . ]
— Swirl 30 — ° —Swirl 3.0
3
@
& 100
g
T
/A z
\ g %
/ | — .
.—--""‘ |
0 =
-60 -40 -20 0 20 40 60 -60 -40 -20 0 20 40 60
Crank Angle deg Crank Angle deg
| 2 I
Swirl 0.5 Swirl 0.5
—Swirl 15 _| . = Swirl 1.5 ]
—Swirl 30 ' — Swirl 3.0
) :
o 1
=2
05
0
-60 0 60 120 180 -60 0 60 120 180

Crank Angle deg

1000 rpm  Load 20%

Crank Angle deg

Tign :16 BTDC Tinj 47 BTDC Qinj : 18 mg

6.22 Swirl
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70

60

50

40

30

20

Cylinder Pressure MPa

10

00

80
70
60
50

)

HC mg

30

20

10

@ distribution OH distribution Temp. distribution

w

s @

Swrl 0,5

) @

Swirl 1.5

= Swirl 3.0 _7 \
™

10 40
¢ . L] ol fiac m K mm ]
U 1 2 o 000s 0.0l SO0 1750 3000
| | 200 | |
Swirl 0.5 Swirl 0.5
— Swirl 15 7\ 150 — Swirl 15 _|
= Swirl 3.0

S

VAN

;
vl N

a1
(=}

Rate of Heat Release J/deg
=
o
o

= N

i/

-60

0
-40 -20 0 20 40 60 -60 -40 -20 0 20 40 60
Crank Angle deg Crank Angle deg
i 40
Swirl 0.5 __|
J.\I = Swirl 1.5
. — 30 —
— Swirl 3.0
AN /
(=2}
1S5
/ A\ o
, =
\\ 10 L Swirl 0.5 —
R — — Swirl 15
T = Swirl 3.0
0 .
0 60 120 180 _60 0 60 120 180

Crank Angle deg Crank Andle d
ran ngle aeg

(2480 rpm Load 80% Tign: 16 BTDC Tinj: 91 BTDC Qinj : 81 mg)

6.23  Swirl

125



6.2.5
6.2.2
10 MPa 15, 20 MPa
2480 rpm 80%
10 MPa ey
6.2
deg. deg. BTDC

10 MPa 47.2 91

15 M Pa 38.5 91

20 MPa 33.4 91

6.24
NOXx
HC
10 MPa
10 MPa 15 MPa 20 MPa
OH
NOXx
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0 1 2x 1073

mole frac mm a

Temp.

500 1750 3000

6.24 ( 1)
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~
o

6.0

Cylinder Pressure MPa
O B N W A~ O
o o O o O o

60
50
40

30

HC mg

20
10

6.2.6

| | > 200
= 10 MPa Y
m— 15 MPa i
L 20 MPa A\ o 150
J 1\ 3
/ & 100
/ : /
I
/ 5 50
— : /
o]
@
0
-60 -40 -20 O 20 40 60 -60 -40 -20 O 20 40 60
Crank Angle deg Crank Angle deg
60
_\ 50
5’40
S
o 30
=
N\ 20
““
10 j
0
-90 -45 0 45 90 135 180 -90 -45 0 45 90 135 180
Crank Angle deg Crank Angle deg
(2480 rpm 80%, Tign: 16 BTDC, BTDC, Qinj : 81 mg)
6.24 ( 2
(61)
60, 90°
6.26
HC NOx HC
2
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N Ox

HC

CH

1.0

OH
OH

90°

1.0

mol frac. mm
0

6.26

Single hole

a
0.005 0.01
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Slit hole(Fan spray)




6.2.7
/
HC
10.0 9.0
5.8 Type %A
3mm Type 9-B
Type 10-A  Type 10-B
6.27 30 HC OH
9.0 Type 9-A 10.0
OH
OH Type 9-B
LPG
NOXx
6.31 10.0
2.0 3.0
HC 6.32
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HC

OH

10 40
mol mm D |
0 0.005 001

K mm =
500 1750 3000

1860 rpm, 41% : Tign : 25 BTDC Tinj: 76 BTDC, Qinj : 41 mg

6.27
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0
HC
a
0 1 2x 103
OH
10 40 10 40 10 40
mol frac. mm a
0 0.005 0.01
Temp.

10 40

500 1750 3000

2480 rpm Load 80% Tign : 16 BTDC Tinj : 91 BTDC Qinj : 81 mg

6.28
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o

Base
—Type aa
—Type 9R

=
o

o1
o

P
o

w
o
N

Cylinder Pressure MPa
y

N
Y,

7
—

-60 -40 -20 0 20 40 60
Crank Angle deg

=
o

=
o

80
70
60
50
40
SN

_ ~r=

0

HC mg

-60 -40 -20 0 20 40 60
Crank Angle deg

6.29

70 . ;

60 e Base
E °7 [==—=Type oa
=50 | Type | p \
® ype lop / \
i VAN
()
c’E 30 // .
£20 vV N

0.0

-60 -40 -20 0 20 40 60
Crank Angle deg

70
HE————
50 TN
£ 40 / \
30 |~ \

20 \iq_a—
10
0

-60 -30 0 30 60
Crank Angle deg

6.30

Rate of Heat Release J/deg

200

150

100

o
o
|
|

-60 -40 -20 0 20 40 60
Crank Angle deg

40

30

20

NO mg

10

-60 -40 -20 0 20 40 60
Crank Angle deg

(1860 rpm, Load 40 % )

200

[
[
o

=
o
o

(2]
o
~—

Rate of Heat Release J/deg

/

-60  -40 -20 0 20 40 60
Crank Angle deg

230 .
@] '

Z 20 l

\ J
0

-60 -30 0 30 60
Crank Angle deg

(2480 rpm, Load 80 %)




HC

OH

Temp.

1860 rpm,

10

10

Type 10B

0 1 2x 103

Type 10B
40 10 4040
mol frac. ™= -
0 0.005 0.01
-
Type 10B
40 10 4040

K - =
500 1750 3000

41% : Tign: 25 BTDC

6.31
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Tinj : 76 BTDC, Qinj : 41 mg

40

40
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7.0 I I

6.0 e==Base i
o Type 10-B
850

A\

= VAN

g 3.0

520 / \\
10 %

0.0 b |

-60 -40 -20 0 20 40 60
Crank Angle deg
40
30
g
o 20
=2

10 /
/

0
-90 -45 0 45 90 135 180
Crank Angle deg
6.32
6.33

2.0 3.0

HC

135

Rate of Heat Release J/deg

200

150

100

a1
o

0

40

30

20

HC mg

10

0

/ \I‘H—s
-60 -40 -20 0 20 40 60
Crank Angle deg
1
—
-60 -40 -20 0 20 40 60

Crank Angle deg

6.34
HC



@@

@
Type 10B
-10 TDC
) |
1 2
HC
40
b |
1 2x 107
OH
Type 10B
10 4040 40
mol frac. ™= -
0 0.005 0.01
Type 10B
10 4040 40
b |

500 1750 3000

2480 rpm Load 80% Tign : 16 BTDC Tinj : 91 BTDC Qinj : 81 mg

6.33
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6.0 | e====pase
—T 10-B
> 50 e / \\
3 4.0 /\\
o N,
a 30 4
5 /
é 2.0
310 7ﬂ/
0.0
-60 -40 -20 0 20 40 60
Crank Angle deg
70
60
” / \
£ 40
O 30 / \
a4
20 \&ﬁ
10
0
-60 -40 -20 0 20 40 60
Crank Angle deg
6.34
6.2.8
6.35
+ 20°
0, 20, e
40° v
-20°
6.35

7.0

200

150

100

[8)]
o

Rate of Heat Release J/dec

I I

e===Type 10-B

=

0 20 40 60

Crank Angle deg

/

-40

0 20 40 60

Crank Angle deg

OO

Injection direction

(1860 rpm

80%)



6.36
2.0
HC
-20°
6.37
0, 20, 40°
6.38
OH
OO
6.39
40°

HC

HC

OH

20°

NOXx

40°
00

40°

NOXx
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2.0

1.0

OH

=20°
0, 20°

OO

40°

NOXx

40°
LPG



K mm =
500 1750 3000

6.36 (1860 rpm 80%)
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o
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o
o

Base
—+20
-—-20

»
o

w
o

Cylinder Pressure MPa
N
o

L
o

o
o
|
(=2}
o

-40 -20 0 20 40 60
Crank Angle deg

Base

—+20
—-20

40

HC mg

20

10

- |

0 60 120 180
Crank Angle deg

6.37
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200 [
Base
g —+20
S 150
o —_—_20
@
@
[7}
@ 100
]
[}
uy
G
3 50
©
24
| ———
0
-60 -40 -20 0 20 40 60
Crank Angle deg
40
30
[=2]
£
1) 20
=z
10 Base __|
- +20
—_20
0 |
-60 60 120 180
Crank Angle deg
(1860 rpm 80%)



0
HC
OH
40
mol frac. mm b |
0 0.005 0.01
Temp.

40°

10 40 10 40

K mm =
500 1750 3000

6.38 (1860 rpm
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~N
o

Base
—+40

o
o

o
o

>
o

Ve
/

Cylinder Pressure MPa

[
o

o
[S)
1
=2}
o
1
ey
o

-20 0 20 40 60
Crank Angle deg

-60 0 60 120 180
Crank Angle deg

6.39
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200 [
> Base
Z —_—t
S 150 40
° —0
@
@
[}
@ 100
kS
<5}
T
kS
@ 50
vl
@
0
-60 -40 -20 0 20 40 60
Crank Angle deg
40
30
f=2}
= 20
o
=2
10 Base
—+40
p—
0 |
-60 60 120 180
Crank Angle deg
(1860 rpm 80%)



6.3

(1)

(2)
©)

(4)

(5)

LPG

6.40

14 T 1
o L 0 Fn:10MPa
- B An:15MPa
S 10 1 (W B Fn:20MPa
&
2 sl
T
g 67
=
o
> 4 [
i | ﬂﬂﬂﬂﬂﬂﬂ
| il il

02 0.6 1 14 18 22 26
Equivdet Raio
6.40
(1860 rpm 80% @20°BTDC)
EGR NOx
9.0
10.0
LPG
10.0
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